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(54) Title of the Invention : Activating energy ray curable composition for ink 
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(72) Inventor: Makoto Niwa 
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Abstract- 
Purpose: lb provide an activating energy ray curable composition for ink 
being excellent in printing properties such as fluidity, pigment dispersibility 
and low misting tendency and curability, and the cured film thereof being 
excellent in surface hardness and solvent resistance. 

Constitution: An activating energy ray curable composition for ink 
comprising a compound having from 1 to 4 oxetan rings, a cationic 
photopolymerization initiator and a pigment. 

[Claims] 

1. An activating energy ray curable composition for ink comprising a 
compound having from 1 to 4 oxetan rings, a cationic photopolymerization 
initiator and a pigment. 

2. The composition according to claim 1, further comprising a 
compound having an epoxy group. 

3. The composition according to claim 1, further comprising a 
compound having a vinyl ether group. 

4. The composition according to claim 1, further comprising a 
compound having (metha)acrloyl group and a radical photopolymerization 
initiator. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

This invention relates to the an activating energy ray curable 
composition for ink composed of a compound having oxetane ring, which is 
useful in the field of production and use of ink. In addition, in this 
specification, an acryloyl group or a methacryloyl group is expressed as a 
(metha)acryloyl group. 
[0002] 

[Description of the Prior Art] 

Conventionally, a composition comprising resin dissolved in an 
organic solvent has bee used as printing ink. For example, a so-called 
hyperviscous ink comprising a vanish which dissolve a resin in a petroleum 
solvent having high boiling point, the resin being rosin phenolic resin, rosin 
maleic acid resin or oil modified alkyd resin, has been used in the offset 
printing. However, when these compounds are used as an activating energy 
ray curable composition for ink, these organic solvent system inks exhibit 
slow drying property, poor rubbing resistance and poor solvent resistance, 
and when these compounds are used as ink, as a force- drying is required, a 
drying apparatus is required and also much energy is required for drying, 
therefore there is a problem of requiring great cost. In order to solve these 
problems, an activating energy ray curable composition for ink has been used. 
The activating energy ray curable composition for ink has many advantages 
such as having no fear of environmental pollution because of not essentially 
containing no organic solvent and using no drying apparatus because of not 
requiring the force-drying. 
[0003] 

[Problem (s) to be Solved by the Invention] 

As the conventional activating energy ray curable composition for ink, 
a polyfunctional acrylate and unsaturated polyester cured by radical 
polymerization initiated by the activating energy ray have been mainly used 
in large quantities. However, when these compounds are used as an 
activating energy ray curable composition for ink, there are problems- for 
example, the composition cannot be used because of its high viscosity, and 
the printing properties as a printing ink such as fluidity, pigment 
dispersibility and misting cannot be fully satisfied. Moreover, as the 
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activating energy ray curable technique other than radical polymerization 
initiated by the activating energy ray, ionic polymerization initiated by the 
activating energy ray has been practically used. The cationic 
polymerization initiated by the activating energy ray has an advantage that 
the polymerization is not required to be carried out under an inert 
atmosphere and can be carried out fast and perfectly under air atmosphere 
because the cationic polymerization is not inhibited by the presence of 
oxygen. Until today the development of the cationic polymerization by the 
activating energy ray has been concentrated on two kinds of monomers, 
which are epoxy resin and vinyl ether. Especially, the photo-curable epoxy 
resin has an excellent adhesiveness, and its cured film shows an excellent 
heat resistance and chemical resistance. However, as the conventional 
photo-curable epoxy resin has a disadvantage that the photopolymeiization 
rate is comparatively slow, it could not be used in the application which 
requires the fast photo-curable rate. Moreover, regarding the photo-curable 
epoxy resin of lower molecular weight, toxicity including modification has 
been pointed out, and its danger becomes an issue. On the other hand, 
many of the photo-curable vinyl ethers have a higher volatility and a strong 
odor, and exhibit shrinkage when cured as compared with the photo-curable 
epoxy resin. The present inventors made earnest investigations in order to 
resolve these problems and provide an activating energy ray curable 
composition for ink being excellent in printing properties such as fluidity, 
pigment dispersibility and misting and curability, and the cured film thereof 
being excellent in surface hardness and solvent resistance. 
[0004] 

[Means for Solving the Problem] 

The present inventors have found that a composition including cyclic 
ether having a specific structure can solve the above problems in a process of 
research, and consequently achieved the present invention. 

Namely, the first invention of the present invention provides an 
activating energy ray curable composition for ink composed of a compound 
having 1 to 4 oxetan rings, a cationic photopolymerization initiator and a 
pigment, and the second invention of the present invention provides a 
composition of the first invention which further includes a compound having 
an epoxy group, and the third invention of the present invention provides a 
composition of the first invention which further includes a compound having 



3 



a vinyl ether group, and the forth invention of the present invention provides 
a composition of the first which further includes a compound having 
(metha)acrloyl group and a radical photopolymerization initiator. Hereafter, 
the present invention is explained to a detail. 
[0005] O The compound having from 1 to 4 oxetan rings. 

The compound having the oxetan ring used in the present invention 
has from 1 to 4 oxetan rings. If the compound having 5 or more oxetan 
rings is used, the fluidity of the composition is lost and it may not be suitable 
for printing. Various oxetan compounds can be used as the compound 
having an oxetan ring of the present invention, as far as the compound has 
from 1 to 4 oxetan rings. As a compound having one oxetan ring, the 
compound shown by the following general formula (l) can be listed. 
[0006] 
[Formula l] 
[0007] 

In formula 1, Rl represents hydrogen atom, an alkyl group having 
from 1 to 6 carbon atoms such as a methyl group, an ethyl group, a propyl 
group and a butyl group, a fluoro alkyl group having 1 to 6 carbon atoms, an 
allyl group, an aryl group, a furyl group or thienyl group. R2 represents an 
alkyl group having from 1 to 6 carbon atoms such as a methyl group, an ethyl 
group, a propyl group and a butyl group, an alkenyl group having from 2 to 6 
carbon atoms such as a 1-propenyl group, a 2-propenyl group, a 
2-methyM-propenyl group, a 2 -methyl* 2 prop enyl group, a l butenyl group, 
a 2-butenyl group and 3-butenyl group, an aryl group such as a phenyl group, 
a benzyl group, a fluorobenzyl group, a methoxybenzyl group and a 
phenoxyethyl group, alkylcarbonyl group having from 2 to 6 carbon atoms 
such as an ethylcarbonyl group, a propylcarbonyl group and a 
buthylcarbonyl group, an alkoxycarbonyl group having from 2 to 6 carbon 
atoms such as a ethoxycarbonyl group, a propoxycarbonyl group and a 
butoxycarbonyl group, or a N-alkylcarbamoyl group having from 1 to 6 
carbon atoms such as a propylcarbamoyl group, a butylcarbamoyl group and 
a pentylcarbamoyl group. 
[0008] 

Next, as a compound having 2 exetan rings, the compound shown by 
the following general formula 2 can be listed. 
[0009] 
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[Formula 2l 
[0010] 

In formula 2, substituent Rl represents the same as those denoted in 
formula 1. R3, for example, represents a straight chain or branched chain 
alkylene group such as an ethylene group, a propylene group and a butylene 
group, a straight chain or branched chain poly (alkylene oxy) group such as a 
poly(ethylene oxy) group and a polypropylene oxy) group, a straight chain or 
branched chain unsaturated hydrocarbon group such as a propenylene group, 
a methylpropenylene group and a butenylene group, a carbonyl group, an 
alkylene group having a carbonyl group, an alkylene group having a carboxyl 
group, or an alkylene group having a carbomyl group. Moreover, R3 
represents a polyfuctional group selected from the group consisting of the 
following formulae (3), (4) and (5). 
10011] 
[Formula 3] 
[0012] 

In formula 3, R4 represents a hydrogen atom, an alkyl group having 
from 1 to 4 carbon atoms such as a methyl group, an ethyl group, a propyl 
group and a butyl group, an alkoxy group having from 1 to 4 carbon atoms 
such as a methoxy group, ethoxy group, propoxy group and a butoxy group, a 
halogen atom such as a chloride atom and a bromide atom, nitro group, 
cyano group, mercapto group, a lower alkylcarboxyl group, carboxyl group or 
carbomoyl group. 
[0013] 
[Formula 4] 
[0014] 

In formula 4, R5 represents an oxygen atom, a sulfur atom, a 
methylene group, NH group, SO group, SO2 group, C(CFa)2 group or C(CtQ 2 
group. 
[0015] 
[Formula 5] 
[0016] 

In formula 5, R6 represents an alkyl group having from 1 to 4 carbon 
atoms such as a methyl group, an ethyl group, a propyl group and a butyl 
group, or an aryl group, and n represents a number from 0 to 2000. R7 
represents an alkyl group having from 1 to 4 carbon atoms such as a methyl 
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group, an ethyl group, a propyl group and a butyl group, or an aryl group. 

R7 represents a polyfuctional group shown by the following formula 6. 

[0017] 

[Formula 6] 

[0018] 

In formula 6, R8 represents an alkyl group having from 1 to 4 carbon 
atoms such as a methyl group, an ethyl group, a propyl group and a butyl 
group, or an aryl group, and m represents a number from 0 to 2000. As an 
example of a compound of having two oxetane rings can be listed by the 
following formulae 7 and 8. 
[0019] 
[Formula 7] 
[0020] 

The compound shown by the formula 7 is a compound shown by the 
formula 2 in which Rl is an ethyl group and R3 is a carboxyl group. 
[0021] 
[Formula 8] 
[0022] 

The compound shown by the formula 8 is a compound shown by the 
formula 2 in which Rl is an ethyl group and R3 is a compound shown by the 
formula 5 in which R6 and R7 are methyl groups andn represents a number 
of one. 
[0023] 

In the compound having two oxetan rings, a compound shown by the 
following formula 9 is preferable other than the above-mentioned compound. 
[0024] 
[Formula 9] 
[0025] . 

As a compound having 3 or 4 oxetan rings, the compound shown by 
the formula 10 can be listed. 
[0026] 

[Formula 10] 
[0027] 

In formula 10, Rl is the same as those denoted in the 
above-mentioned formula 1. R9, for example, represents a branched chain 
alkylene group shown by the following formula 11 to 13, a branched chain 
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poly(alkylene oxy) group shown by the following formula 14 or a branched 
chain polysiloxan group shown by the following formula 15, and j represents 
a number of 3 or 4. 
[0028] 

[Formula 11] 
[0029] 

In formula 11, RIO represents a lower alkyl group such as a methyl 
group, an ethyl group and a propyl group. 
[0030] 

[Formula 12] 
[0031] 

[Formula 13] 
[0032] 

[Formula 14] 
[0033] 

In formula 14, 1 represents a number of from 1 to 10. 

[0034] 

[Formula 15] 
[0035] 

As an example of a compound having from 3 or 4 oxetan rings can be 
listed by the following formula 16. 
[0036] 

[Formula 16] 
[0037] 

Further, as an example of a compound having from 1 or 4 oxetan 
rings other than the above-mentioned compounds can be listed by the 
following formula 17. 
[0038] 

[Formula 17] 
[0039] 

In formula 17, R8 represents the same as those denoted by the 
formula 9. Rll represents an alkyl group having from 1 to 4 carbon atoms 
such as a methyl group, an ethyl group, a propyl group and a butyl group, or 
a trialkylsilyl group, and r represents a number of from 1 to 4. 
[0040] 

The oxetan compound preferably used in the invention can be shown 
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by the following formula. 
[0041] 

[Formula 18] 
[0042] 

[Formula 19] 
[0043] 

[Formula 20] 
[0044] 

[Formula 21] 
[0045] 

Moreover, the oxetan compounds having from 1 to 4 oxetan rings and 
a molecular weight of about 1000 to 5000 can be listed other than the 
above-mentioned compounds. As these examples, for example, the 
following compounds can be listed. 
[0046] 

[Formula 22] 

Here, p represents a number of from 20 to 200. 

[0047] 

[Formula 23] 

Here, q represents a number of 15 to 100. 

[0048] 

[Formula 24] 

Here, s represents a number of 20 to 200. 
[0049] OCationic Photopolymerization Initiator. 

Various cationic photopolymerization initiators can be used in the 
composition of the present invention. Among them, a diaryl iodonium salt 
and triarylsulfonium salt can be listed as preferable initiators. Typical 
cationic photopolymerization initiators are shown below. 
[0050] 

[Formula 25] 
[0051] 

[Formula 26] 
[0052] 

[Formula 27] 
[0053] 

[Formula 28] 
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[0054] 

In the above formulae, It 12 represents a hydrogen atom, an alkyl 
group having from 1 to 18 carbon atoms or an alkoxy group having from 1 to 
18 carbon atoms, R13 represents a hydrogen atom, a hydroxy alkyl group or a 
hydroxyalkoxy group, preferably a hydroxyethoxy group. M represents a 
metal, preferably antimony, X represents a halogen atom, preferably fluorine 
atom, and k represents a valence of metal, for example, it is five in the case of 
antimony. The concentration of a cationic photopolymerizatLon initiator is 
preferably from 0.1 to 20 weight%, more preferably from 0.1 to 10 weigh t% 
based on the compound having an oxetan ring. When further adding a 
compound having an epoxy group or a compound having a vinyl ether group 
or both to the after-mentioned composition of the first invention, the 
concentration of the additives are preferably from 0.1 to 20 weight%, more 
preferably from 0.1 to 10 weight% based on the total amount of the 
compound having an oxetan ring and a compound having an epoxy group or 
a compound having a vinyl ether group or both. When the concentration of 
the additives is less than 0.1 weight%, hardenability is not enough, and 
when the concentration of the additives is more than 20 weight%, light 
transparency becomes poor and uniform hardening cannot be obtained and 
smooth nature of the surface of the coated film is sometimes lost. 
[0055] OPigment 

As a pigment which is indispensable compound in the present 
invention, various pigments such as an organic pigment or inorganic 
pigment or both can be usedL Specifically, a white pigment such as titanium 
oxide, zinc white, white lead, Ritobon and antimony oxide, a black pigment 
such as aniline black, iron black and carbon black, a yellow pigment such as 
chrome yellow, Synthetic Ochre, Hansa yellow (100,50,30 grades), titan 
yellow, benzine yellow and permanent yellow, an orange pigment such as 
chrombar Miroon, permanent orange, Balkan peninsula first orange and 
indanthrene brilliant orange, a brown pigment such as ferrous oxide, 
permanent brown and para brown, a red pigment such as blood red, 
cadmium red, antimony vermilion, permanent red, rhodamine lake, aliz arin 
lake, thioindigo red, PV carmine, mono-light first red and quinacridone red 
system, a purple pigment such as cobalt purple, manganese purple, first 
violet, methylviolet lake, indanthrene brilliant violet and dioxazine violet, a 
blue pigment such as ultramarine blue, berlin blue, cobalt blue, alkali blue 
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lake, non-metal copper phthalocyanine blue, copper phthalocyanine blue, 
indanthrene blue and indigo blue, a green pigment such as chrome green, 
chrome oxide, emerald green, naphthol green, green gold, acid green lake, 
malachite green lake, phthalocyanine green and poly-chlorine-bromine 
copper phthalocyanine, a fluorescent pigment, a metallic flake pigment or an 
extender pigment. The content of the pigment is preferably from 1 to 100 
weight parts, more preferably from 10 to 50 weight parts based on 100 parts 
of the compound having an oxetan ring. When blending the 
after-mentioned compounds, which are a compound having an epoxy group, a 
compound having a vinyl ether group and/or a compound having a (metha) 
acryloyl group, in addition to the compound having an oxetan ring, the 
content of the pigment is preferably from 1 to 100 weight parts, more 
preferably from 10 to 50 weight parts based on 100 parts of the total amount 
of the polymerizable components. When the content of the pigment based 
on 100 weight parts of the polymerizable components is less than 1 weight 
part, it is hard to color the composition, and when the content is more than 
100 weight parts, the hardenability of the composition becomes poor. 
[0056] OOther components 

Various kind of additives other than those indispensable components 
explained above can be added to the composition of the present invention if 
needed. The second invention of the present invention is an activating 
energy ray curable composition for ink which further includes a compound 
having an epoxy group in addition to the components of the composition of 
the first invention. In this case, the epoxy compound added to the 
composition can further improve the cure rate of the composition. Various 
epoxy compound having an epoxy group can be used. For example, as an 
epoxy compound having one epoxy group, phenyl glycidyl ether and butyl 
glycidyl ether can be listed, and as an epoxy compound having more than two 
epoxy group, hexandiol diglycidyl ether, tetraethyleneglycol diglycidyl ether, 
trimethylolpropane triglycidyl ether, bisphenol A diglycidyl ether and 
novolak system epoxy compound can be listed. In the invention, a 
cycloaliphatic epoxy compound is preferable, for example, the compounds 
shown below can be listed. 
[0057] 

[Formula 29] 
[0058] 
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[Formula 30] 
[0059] 

[Formula 31] 
[0060] 

In this case, the content of the compound having an epoxy group is 
preferably from 5 to 95 weight parts based on 100 weight parts of the total 
amount of the above compound having from 1 to 4 oxetan rings and a 
compound having an epoxy group. 
[0061] 

The third invention of the invention is an activating energy ray 
curable composition for ink which further includes a compound having a 
vinyl ether group in addition to the components of the composition of the first 
invention. In this case, the epoxy compound added to the composition can 
further improve the cure rate of the composition. Various compounds 
having a vinyl ether group can be used. For example, as compounds having 
one vinyl ether group, hydroxyethylvinylether, hydroxybutylvinylether, 
dodecylvinylether, propenyletherpropylenecarbonate and 

cyclohexylvinylether can be listed. For example, as compounds having two 
vinyl ether groups, cyclohexandimethanoldivinylether, 

triethyleneglycoldivinylether and novolak divinylether can be listed. In 
this case, the blending ratio of the compound having a vinyl ether group is 
preferably from 5 to 95 weight parts based on 100 parts of the total amount 
of the above compound having from 1 to 4 oxetan rings and the above 
compound having a vinyl ether group. 
[0062] 

The fourth invention of the present invention is an activating energy 
ray curable composition for ink which further includes a compound having a 
(metha)acryloyl group and a photo radical polymerization initiator in 
addition to the components of the composition of the first invention. In this 
case, the compound having a (metha)acryloyl group added to the composition 
can further improve the cure rate of the composition. Various compounds 
having a (metha)acryloyl group can be used. For example, as compounds 
having one (metha)acryloyl group, (metha)acrylates of a phenol, a 
nonylphenol and a 2-ethylhexanol, and (metha)acrylates of the alkylene 
oxide adduct of the above alcohols can be listed. For example, as 
compounds having two (metha)acryloyl groups, di(metha)acrylates of 
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bisphenol A, isocyanuric acid, ethlene glycol and propylene glycol, and 
di(metha)acrylates of the alkylene oxide adduct of the above alcohols can be 
listed. For example, as compounds having three (metha)acryloyl groups, 
tri(metha)acrylates of pentaerythritol, trimethylolpropane and isocyanuric 
acid, and tri(metha)acrylates of the alkylene oxide adduct of the above 
alcohols can be listed. For example, as compounds having more than four 
(metha)acryloyl groups, poly(metha)acrylates of pentaerythritol and 
dip ent aery thritol can be listed. Moreover, conventionally well-known 
acrylic monomers and oligomers such as ur ethane acrylate having urethan 
bond in the main chain, polyester acrylate having ester bond in the main 
chain and epoxy(metha)acrylate which is added the acrylic acid to the epoxy 
compound can be listed. In this case, the blending ratio of the compound 
having a (metha)acryloyl group is preferably from 5 to 95 weight parts based 
on 100 parts of the total amount of the above compound having from 1 to 4 
oxetan rings and the above compound having a (metha)acryloyl group. In 
the fourth invention of the present invention, the photo radical 
polymerization initiator is added in the composition. Various kinds of photo 
radical polymerization initiators can be used in the present invention. For 
example, as the preferable initiators, benzophenone and derivatives thereof, 
benzoin alkyl ether, 2-methyl[4-(methylthio)phenyl]-2-morpholino-l-propane, 
benzyl dimethylketal, 1 -hydroxycyclohexylphenylketon, 

2 -hydroxy -2 methyl- 1 -phenyprop ane- 1 -on, alkylphenylglyoxylate, 
die th oxy acetophenone , 

2-benzyl-2dimethylamino-l-(4-morpholinophenyl)-lbutanon and 
acylphosphineoxide etc. can be lisited. The blending ratio of the photo 
radical polymerization initiator is preferably from 0.01 to 20 weight% based 
on the above compound having a (metha)acryloyl group. 
[0063] 

Moreover, equal to or more than two compounds selected from the 
group consisting of above -mentioned compound having an epoxy group, the 
compound having a vinyl ether and [the compound having a (metha)acryloyl 
group and photo radical polymerization initiator] can be blended to the 
composition of the first invention of the present invention. In this case, the 
blending ratio of the total amount of the compound having an epoxy group, 
the compound having a vinyl ether group and the compound having a 
(metha)acryloyl group is preferably from 5 to 95 weight parts based on 100 



12 



parts of the total amount of the compound having from 1 to 4 oxetan rings, 
the compound having an epoxy group, the compound having a vinyl ether 
group and the compound having a (metha)acryloyl group. 
[0064] 

Various kinds of additives other than those explained above, such as 
an inorganic filler, a dye, a viscosity modifier, a processing agent, an organic 
solvent and UV ray shielding agent, can be added to the composition of the 
present invention in the amount up to 100 weight parts based on 100 weight 
parts of the curable component. Examples of the inorganic fillers include 
metal or non-metal oxide such as zinc oxide, aluminum oxide, antimony 
oxide, calcium oxide, chromium oxide, tin oxide, titanium oxide, iron oxide, 
copper oxide, lead oxide, bismuth oxide, magnesium oxide and manganese 
oxide; hydroxides such as aluminum hydroxide, ferrous hydroxide and 
calcium hydroxide; salts such as calcium carbonate and calcium sulfate; a 
silicon compound such as silicon dioxide; natural pigment such as kaolin, 
bentonite, clay and talc; minerals such as natural zeolite, ohya stone, natural 
mica and ionite; synthetic inorganic substances such as artificial mica and 
artificial zeolite* and metals such as aluminum, iron and zinc. In these 
components, there are those overlapping with the pigments described above, 
however, these can be added to the composition of the present invention in 
addition to the above indispensable pigments. 
[0065] 

A photosensitizer other than a cationic photopolymerization initiator 
or/and a radical photopolymerization initiator can be added to the 
composition of the invention in order to the wavelength of UV. The typical 
sensitizers which can be used in the present invention are described in 
Crivello[J. V. Crivello, Adv. in Polymer Sci.,62, 1(19849], and, specifically, 
there are pyrene, perylene, acridine orange, thioxanton, 2-chlorothioxanton 
and benzoflavin, etc. 
[0066] OUsage 

The composition of the present invention can be applied to a base 
material such as a paper, a film or sheet by using various kinds of printing 
methods, for example, a litho printing such as a offset printing, letterpress 
printing, silk screen process printing or gravure printing. After the 
printing, the composition is cured by irradiating the activating energy ray. 
Examples of the activating energy ray include ultraviolet ray, X ray and 
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electron beam. Examples of a light source which can be used to cure by 
irradiating UV include a pressurized or high pressure mercury lamp, a metal 
halide lamp, a xenon lamp, an electrodeless discharge lamp or a carbon arc 
lamp. When curing the composition by an electron beam, various kinds of 
irradiation equipments such as a Cockloft-Walton type, a Van de Graaff type 
or a resonance transformer type can be used, and the energy of the electron 
beam is preferably from 50 to 1000 eV, more preferably from 100 to 300 eV. 
Since a cheap equipment can be used in the present invention, it is 
preferable to use UV ray for curing a composition. 
[0067] 
[Example] 

The invention will be explained employing the following inventive 
examples and comparative examples. The parts shown in each example 
represent "parts by weight". 
[0068]Inventive Example 1. 

•Preparation of Activating Energy Ray Curable Composition 
The following compound (32) (hereinafter Component A) 100 parts 
having the following two oxetan rings as a compound having oxetan ring, the 
following compound (33) (hereinafter Component G) 4 parts as a cationic 
initiator, a pigment (Shimura-First Yellow GTF235D) 20 parts, a talc 1.5 
parts and a wax 2 parts were bended by using three roll mills to obtain a 
activating energy ray curable composition. 
[0069] 

[Formula 32] 
[0070] 

[Formula 33] 

[007 1] ©Evaluation 

The resulting composition and cured film were evaluated according 
to the following methods. The results are shown in Table 2. 
[0072]OMistmgltest 

When operating an inkometer at 1200 rpm, the fog like dispersing 
condition of the ink was evaluated by viewing. 

0 : Not scatter 

A: Scatter a little 

X : Scatter 
[0073]OCurability 
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The resulting composition was coated on a bonderizing steel plate of 
thickness 0.8mm, width of 50 mm and length of 150 mm to obtain a layer 
with a thickness of 10 n m, and passed repeatedly at conveyor speed of 10 
m/min to expose to a converged type of high mercury lamp having a power of 
80 W/cm with a distance of 10 cm below the lamp. The number of pass 
(number passage) until adhesiveness disappears fro the surface was used to 
evaluate the curability. 
[0074]OPencil Hardness 

The resulting cured film from the above procedure was evaluated 
according to JTS K 5400. 
[0075]OResistance to Organic Solvents 

The resulting cured film from the above procedure was ground with 
the cotton swab wetted with methyl ethyl ketone. The resistance was 
evaluated as the number until a substrate comes to be in sight. 
[0076]Inventive Examples 2 to 7 

Activating energy ray curable compositions were prepared in the 
same manner as in the case of the inventive example 1 except for using the 
components shown in Table 1. The resulting compositions and cured films 
were evaluated in the same manner as in the case of the inventive example 1. 
Those results are shown in Table 2. 
[0077]Comparative Examples 1 to 3 

Activating energy ray curable compositions were prepared in the 
same manner as in the case of the inventive example 1 except for using the 
components shown in Table 1. The resulting compositions and cured films 
were evaluated in the same manner as in the case of the inventive example 1. 
Those results are shown in Table 2. 
[0078] 
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[Table lj 





A 


B 


C 


D 


E 


F 


G 


H 


Inventive 
Example 1 


100 












4 




Inventive 
Example 2 


50 


50 










4 




Inventive 
Example 3 






25 




75 




4 




Inventive 
Example 4 


75 










25 


3 


1 


Inventive 
Example 5 


25 






50 




25 


3 


1 


Inventive 
Example 6 


50 








25 


25 


3 


1 


Inventive 
Example 7 


75 






25 






4 




Comparative 
Example 1 










100 




4 




Comparative 
Example 2 








75 


25 




4 




Comparative 
Example 3 








25 




75 


1 


3 


Comparative 
Example 4 










75 


25 


3 


1 



[0079] 

In table 1, the numerical numbers represent "parts by weight". 
Moreover, in Table 1, components B to H show the following compounds. 
[0080] • Component B(Compound having three oxetan rings) 
[0081] 

[Formula 34] 

[0082] • Component C(Compound having one oxetan ring) 
[0083] 

[Formula 35] 

[0084] • Component D(Compound having two epoxy groups) 
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[00851 

[Formula 36] 

[0086] • Component E(Compound having two vinyl ether groups) 
[0087] 

[Formula 37] 

[0088] • Component F(Compound having two acryloyl groups) 
[0089] 

(Formula 38] 

[0090] • Component H(Radical photopolymerization initiator) 
[0091] 

[Formula 39] 
[0092] 
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[Table 2] 





Misting 


Curability 
(pass) 


Pencil 
Hardness 


Solvent 
Resistance 


Inventive 
Example 1 


O 


- 7 


3H 


78 


Inventive 
Example 2 


o 


6 


4H 


72 


Inventive 
Example 3 


o 


3 


H 


89 


Inventive 
Example 4 


o 


6 


3H 


74 


Inventive 
Example 5 


o 


2 


2H 


81 


Inventive 
Example 6 


o 


3 


H 


92 


Inventive 
Example 7 


o. 


2 


3H 


75 


Comparative 
Example 1 


A 


3 


F 


52 


Comparative 
Example 2 


A 


not cured 






Comparative 
Example 3 


A 


11 


2H 


68 


Comparative 
Example 4 


A 


8 


H 


62 



[0093] 
[Effect of the Invention] 

The activating energy ray curable composition of the present 
invention exhibits high curing speed and excellent printability such as 
misting, and cured print is excellent in surface hardness and solvent 
resistance. The composition of the present invention is excellent in 
practical use. 
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